In the course of our current attempts to cytologically demonstrate particular inclusions associated with the functional activity of parathyroid cells, three types of protein granules have been found which exhibit morphological features suggestive of their importance in the cytophysiology of the cells Yamada, 1962 and 1963; Yamada, 1963) . These granules were shown to react positively to coupled tetrazonium, 2, 2'-dihydroxy-6, 6'-dinaphthyl disulfide (DDD) diazo blue B and 2-hydroxy-3-naphthoic acid hydrazide (HNAH) diazo blue B stains respectively and conceived to be concerned with either secretory of metabolic activity of the parathyroid cells. Although morphological features and chemocytological properties of the protein granules have been studied previously in the mammalian and amphibian parathyroid cells, precise examination still remains to be made on the granules occurring in the avian cells.
It is the purpose of this paper to study morphological features and chemocytological properties of the three types of protein granules in the parathyroid cells of the Japanese quail (Coturnix coturnix japonica) and to discuss the cytophysiological significance of the granules on the basis of the data obtained. 
Results
Coupled tetrazonium reactive protein granules:
In the parathyroid gland of the quail the cytoplasm of the parenchymal cells is shown to contain a variable amount of coupled tetrazonium reactive fine granules which exhibit mostly a diffuse distribution (Fig. 1) . However, such granules are hardly to be seen extracellularly.
The staining intensity of these granules tends to decline slightly after pretreatment with 2, 4-dinitrofluorobenzene and diminishes conspicuously following prior performic acid procedure, while previous benzoylation causes an effect similar to that produced by performic acid or abolishes the stainability.
2, 2'-dihydroxy-6, 6'-dinaphthyl disulfide (DDD) diazo blue B reactive protein granules:
In the quail parathyroid gland the DDD diazo blue B method can detect varying amounts of reactive granules of different sizes in the cytoplasm of the parenchymal cells, on the outer surface of the plasma membrane and within the extracellular spaces (Fig. 2) . Prior thioglycolate reduction does not increase markedly the staining intensity of the granules, but does so only slightly.
Pretreatment with either N-ethyl maleimide or iodoacetate tends to abolish the stainability of the granules, and prior sequential treatment with the maleimide and potassium cyanide yields a faintly positive reaction of the granules.
2-hydroxy-3-naphthoic acid hydrazide (HNAH) diazo blue B reactive protein granules: In the parathyroid gland of the quail the HNAH diazo blue B method discloses the presence of a variable amount of reactive granules in the cytoplasm of the parenchymal cells (Fig. 3) . In addition to such primary intracellular localization of the granules, their small amounts are often visualized within the extracellular spaces. Methylation blocks the HNAH diazo blue B reaction of the granules and methylation followed by saponification restores the reaction. Sodium hydroxide or ethanol treatment following the acetic anhydride and pyridine stage of the HNAH diazo blue B method results in an almost negative or exceedingly feeble stainability of the granules. Treatment with pyridine alone yields negative HNAH diazo blue B reaction of the granules, while that with acetic anhydride alone causes their intensely positive reaction. After acetic anhydride alone and sodium hydroxide sequence the protein granules are found to exhibit doubtful or negative HNAH diazo blue B reaction.
When sections are pretreated with sodium hydroxide and subsequently with pyridine alone, the reaction of the granules is doubtful, but, if the alkali treatment is followed by treatment with acetic anhydride alone or acetic anhydride and pyridine, the stainability of the granules tends to be a little more intense than that seen in the original HNAH diazo blue B stained sections.
All of the three types of protein granules in the parathyroid tissues are found to be more pronounced in amount and stainability in laying female quails than in male and non-laying female animals. In accordance with such tendency, the amount of glycogen in the parathyroid cells appears less and that of cytoplasmic ribonucleic acid seems larger in laying quails than in non-laying (Hara and Yamada, 1963) . This concept may be acceptable in terms of the preponderant intracellular localization of HNAH diazo blue B reactive granules observed in the quail parathyroid cells. However, the extracellular presence of a small amount of the granules appears to suggest the possibility that they may be associated in part with the cellular activity of secretion.
Taken altogether, the HNAH diazo blue B reactive granules are conceived to be dual in their cytophysiological significances; their majority appear to display a pattern of mitochondrial proteins and their small amount might be concerned with secretion in the parathyroid cells. The effects of methylation and methylation saponification sequence confirm that protein bound carboxyls are the reacting groups of the granules.
From the blocking effect of sodium hydroxide and ethanol on the HNAH diazo blue B reaction of the granules the reactive carboxyls are concluded to be of side chain in nature (Karnovsky and Fasman, 1960; Karnovsky and Mann, 1961) . This deserves particular interest in view of the biochemical data that parathyroid hormone preparations involve a significant number of glutamic and aspartic acid residues (Rasmussen, 1961) and therefore of side chain carboxyl groups in them.
Thus, the latter of the above ideas on the cytophysiological significance of the granules may be likely. The results of a series of experimental procedures performed on the HNAH diazo blue B reaction of the granules appear to indicate that the granules stain largely in a mechanism proposed by Karnovsky's school.
The parathyroid cells of laying female birds are conceivably higher in secretory activity than those of male and non-laying female animals, since in the former animals serum calcium level tends to be lowered by steady excretion of the mineral for formation of egg-shell. 
